SUMMARY In 22 families with the "pure" form of hereditary spastic paraplegia inheritance was autosomal dominant in 19 and autosomal recessive in three. Examination of intrafamilial correlation of age of onset in the dominant cases suggested that the disorder is genetically heterogeneous. Two forms of dominant hereditary spastic paraplegia were identified: one with an age of onset mostly below 35 years (type I), and the other with onset usually over 35 years (type II). In the type I cases, delay in walking was not infrequent and spasticity of the lower limbs was more marked than weakness. The disorder was very slowly progressive and was extremely variable in terms of severity. Sixteen per cent of the patients aged over 20 years were asymptomatic but clinically affected. In the type II group muscle weakness, urinary symptoms and sensory loss were more marked. This form of the disease evolved more rapidly. In the three families demonstrating autosomal recessive inheritance the clinical features were very similar to those of the dominant cases. Biological fitness of patients from both the dominant groups was not impaired and no definite evidence of new mutation was observed. A cumulative frequency curve of age of onset in the type I group was constructed which suggested that an asymptomatic child of an affected parent has a 20% chance of developing the disease at the age of 25 years; the risk is probably even less if the child is clinically normal.
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The first clear description of hereditary spastic paraplegia (HSP) was that of Strumpell' in 1880 although Seeligmiiller2 had described a similar disorder four years previously. Strumpell reported two brothers in whom spastic paraplegia developed at the ages of 37 and 56 years. The reflexes were increased in the upper limbs but, apart from this, the abnormal findings were confined to the legs. Inheritance was probably autosomal dominant. Strumpell3 later described another similar family; the age of onset was in the third or fourth decade but the clinical features were almost identical to the first. Pratt4 commented "The concept of the disorder was originally clear and distinct . . . these observations formed the ideal picture to which later published examples have on the whole regrettably refused to conform." Pratt refers to the profusion of descriptions of "hereditary spastic paraplegia plus" syndromes in the subsequent literature. These include spastic paraplegia in association with mental retardation and ichthyosis,5 pigmentary retinal degeneration,6 optic atrophy,7 amyotrophy,8 9 ex-trapyramidal features,10 sensory neuropathy," and ataxia and dysarthria.12 The pure form of hereditary spastic paraplegia (where the abnormal physical signs are virtually confined to those of a spastic paraplegia) has been said to be relatively rare. Bell and Carmichael13 could only find one family with the disease who had attended the (now) National Hospitals for Nervous Diseases over a 20 year period. Behan and Maia,14 in a study of six families, found that only seven of the 41 individuals known to be affected had been admitted to hospital for investigation. These authors suggested that the apparent rarity of the disorder was partly due to its relatively benign nature. There have been no large scale personal surveys of patients with hereditary spastic paraplegia. Bell and Carmichael,13 Oszvathl5 and Holmes and Shaywitz16 have all reviewed previously published reports of families with the disease; these studies have yielded rather conflicting results with respect to the clinical and genetic features of the disorder. It has been suggested, on the basis of variation in age of onset, that the autosomal dominant form of HSP is genetically heterogeneous3 17 18 but this hypothesis has not been tested on a large series of patients with a carefully defined clinical syndrome. 871
The definition of "pure" hereditary spastic paraplegia is difficult, and has varied from study to study. The families reviewed by Bell and Carmichael'3 were clearly both clinically and genetically heterogeneous and included some with the associated features mentioned above, such as pigmentary retinal degeneration and mental retardation. Holmes and Shaywitz'6 in a review of 104 stringently selected families, excluded any recorded cases from the category of "pure" HSP if any degree of ataxia was present. Mild clumsiness of the upper limbs has been described in members of families in which other individuals were not ataxic. 19 20 It is difficult to be sure whether the clumsiness was due to early pyramidal involvement or if a true cerebellar component was present. It is probably reasonable therefore to include such families in the "pure" group. Bickerstaff21 commented on slight ataxia of gait in a few of his patients; again this is very difficult to assess in the presence of severe spasticity. Another source of confusion in terms of classification has been the finding of distal amyotrophy in some patients. Rhein22 felt that such cases were clinically and genetically distinct from pure HSP. This is clearly so in some families, such as those with the Troyer syndrome.9 Silver8 and Holmes23 have also described families in which distal wasting, particularly of the hands, was a prominent and consistent feature. Dyck Co-operative individuals were visited at home or in hospital by the author. A detailed history was taken which included details of first and second degree relatives. Full neurological and general examinations, twelve lead electrocardiography and urine testing were performed on the index cases. As many first degree relatives were seen and examined as possible.
The cases were initially divided into six major categories for the purpose of further analysis. These were as follows: (1) Friedreich's ataxia, as defined clinically by Tyrer28 and other workers (90 families), (2) progressive ataxia developing within the first two decades associated with dysarthria and generally normal or increased tendon reflexes (20 families), (3) hereditary spastic paraplegia (29 families), (4) late onset cerebellar ataxia of autosomal dominant inheritance (11 families), (5) single cases of late onset cerebellar ataxia (36 families), and (6) other syndromes. The patients reported here are some of those in the third category. Patients were allocated to this category if the most prominent feature of their illness was a progressive spastic paraplegia. Seven of the 29 families contained individuals affected with complicated forms of hereditary spastic paraplegia. In two kindreds the disorder resembled peroneal muscular atrophy and was similar to that reported by Dyck and Lambert.24 Four other patients, from two sibships, had paraplegia associated with prominent ataxia, cerebellar dysarthria and intellectual impairment. Two of them (sisters) also had pigmentary macular degeneration as described by Kjellin.6 One single case had paraplegia, optic atrophy and wasting of the small hand muscles, and another had paraplegia associated with cerebellar ataxia and nystagmus. Members of the seventh family had recessively inherited paraplegia and, in addition, defective upward and lateral gaze.
Twenty-two families were considered to have the "pure" form of HSP. 
Results

GENETIC ASPECTS
In 18 families, inheritance was autosomal dominant. In another it was thought that dominant inheritance was likely but exact details were unavailable. In three families, there was no history of any similar disorder in the parents or offspring of affected individuals. Both parents were examined in one family and one in another; all were normal. The remaining parents were dead or unavailable for study. The mother and two children of one case had previously been examined elsewhere and found to be normal. None of the parents of these patients was consanguineous.
In the autosomal dominant families, the ratio of affected to unaffected offspring ( 60 years) and four had a later onset (mean 44-9 ± 13-9 years). The mean number of years since onset was 20.0 ± 14-8 years in the former and 17-22 + 5-36 in en sib the latter. It will be noted that in the early onset ,awn in.
group, increase in muscle tone was more marked In order to establish which clinical features tended to occur late in the course of the disease, the total number of dominant cases were divided into two groups, depending upon whether they had had symptoms for less, or more, than 10 years. It was not felt necessary to split the patients into types I and II for this purpose as both groups had had the disorder for roughly the same period of time, and the smaller numbers involved would make statistical analyses difficult. The incidence of various clinical features in the two categories defined above is shown in The division of families proposed here is not only of theoretical interest. There are several differences between the two groups in terms of clinical features. There was a definite impression that the late onset form was more rapidly progressive than that of early onset, and the incidence of paresis of the lower limbs was higher in the former group. Although the type II patients lost the ability to walk on average later than the type I group, this was after a considerably shorter disease duration. There were no asymptomatic affected individuals amongst the type II cases, compared to 16 % of the type I patients aged over 20 years. The incidence of sensory loss and urinary symptoms was also higher in the type II cases. Thurmon and Walker'8 suggested that families with later onset dominant HSP had a higher incidence of sphincter disturbance. The presence of a more severe late-onset form of an autosomal dominant disorder would be in keeping with general genetic principles; if the situation were reversed, patients with a severe early onset disorder would be less likely to reproduce and so transmission of the mutant gene would be rare. It should be pointed out that the differences observed between the two groups are not due to disparity in disease duration; the mean duration was similar in both.
CLINICAL FEATURES
The frequency of delay in first walking observed in this series may well be an underestimate as most of the older patients seen had no knowledge of their early milestones. Motor delay has been mentioned in previous reports.19 25 Some of the patients in this series had been diagnosed as having a "congenital spastic diplegia" or Little's disease. This is most likely to occur if the affected parent is asymptomatic; investigation of these infants should therefore include examination of both parents. It was of interest to the author that some of the asymptomatic patients, including a nurse, had obviously spastic gaits and yet denied symptoms. As the ratio of affected to unaffected individuals (excluding index cases) was less than unity in this series, it is quite possible that there were more asymptomatic affected individuals amongst those not personally seen.
Hereditary spastic paraplegia is not excessively rare, and there is a good case for examining first degree relatives as part of the investigative procedure in any patient with undiagnosed paraplegia, particularly if symptoms are relatively longstanding. This might avoid the use of invasive procedures; three of the patients seen in this study had been subjected to myelography. Stark ankle jerks in some patients in this series is also probably related to a central axonopathy rather than degeneration of the primary sensory neurone in toto; the same explanation has been offered for the loss of ankle jerks wihch occurs in clioquinol neurotoxicity. 42 All the cases in this study who had more than mild distal amyotrophy, particularly in the upper limbs, had had symptoms for more than 15 years. The significance of mild distal wasting in the legs is difficult to assess. In one patient denervation of the distal musculature was confirmed electromyographically; motor nerve conduction was normal. These findings are in keeping with the occasional degeneration of anterior horn cells found at autopsy in HSP.43 It seems reasonable to suggest that distal amyotrophy is a variable late manifestation of the gene giving rise to autosomal dominant HSP; it is not concordant within families.
Urinary symptoms were frequent in this series, despite the claims of earlier authors.37 38 44 Sphincter involvement was correlated with disease duration and, as has been mentioned, was more common in the type II group. Philip45 in the first description of HSP in Britain, noted that one of his patients suffered from urinary frequency. Cartlidge and Bone46 described three male patients in whom urgency and frequency of micturition were prominent symptoms. Cystography revealed bladder sacculation and vesico-ureteric reflux in one case. Tests of other autonomic functions were normal. Bowel and sexual function were not impaired in any of the patients seen in this study; such impairment seems to be rare in HSP. Schwarz and Liu47 described a man with rectal urgency and occasional faecal incontinence in addition to urinary symptoms but abnormal sexual function has never been reported; one of Striimpell's patients fathered 29 children. ' Ataxia of the upper limbs was not common in the present series and was always mild. Its presence did not seem to be related to disease duration. The occurrence of ataxia is not surprising in view of the finding of spinocerebellar tract degeneration in about half of the necropsy cases of HSP44 47 The course and severity of the disease was similar to that observed by other authors. Although a considerable number of the patients studied were unable to participate in athletic pursuits, very few had had to give up work because of their disability. Only one of the patients studied (in the type I group) became unable to walk before the age of 50 years. Neither form of the disorder appeared to limit life expectancy.
Progression of HSP has been observed to be extremely slow; Bickerstaff2' commented that the degree of disability often seemed almost stationary after the 10 year period following the onset. Garland and Astley27 were impressed by the minor incapacity of their cases and the fact that all of them led full lives. Nevertheless, 13 of the 21 patients examined by Behan and Maia'4 could only walk with the aid of sticks or were chairbound; some of these were aged under 30 years. Bell and Carmichael13 found the mean age of death in their dominant (more pure) cases to be 57-5 ± 3-02 years; the mean duration was 27-21 + 13-69 years. The authors cited a still living patient who was said to have had the disease for 80 years.
In the two families where inheritance was thought to be autosomal recessive, and the age of onset was in the first decade, it is of interest that the clinical features and course of the disorder were not different from those of the type I dominant form of HSP. This similarity was also observed by Holmes and Shaywitz.16 In the other recessive family, onset was considerably later (in the fourth and fifth decades). It was not possible to examine the father of these two sibs but it is unlikely that he was affected; none of the type II dominant patients was asymptomatic. One of the affected individuals in this family was examined and found to be completely normal six years prior to the onset of symptoms. The later age of onset in this family, compared with the other two with recessive HSP, suggests that the recessive form of the disorder may also be genetically heterogeneous; with the small numbers of families involved it is impossible to be definite about this. Vernea and Symington48 described two families with recessive, late onset spastic paraplegia; age of onset was concordant within the two sibships. The parents were first cousins in one family. It is of importance that there are no distinguishing clinical features between recessive and dominant HSP, as this means that is is difficult to make any assumptions concerning inheritance on the grounds of differences in either severity or physical findings.
GENETIC CONSIDERATIONS
HSP was initially thought to be "familial" (that is, autosomal recessive).37 Strtimpell' considered his cases to be familial but, on close examination, it appears that the patients' mother was affected. She was stated to be "ein wenig gelahmt" (a little paralysed). It is likely that a proportion of the subsequent reports of recessive pure HSP in fact describe unrecognised dominant cases. Parents or children or both have rarely been examined, only stated to be unaffected by history. Bickerstaff2l felt that one should "view such assertions of normality with suspicion", because of his finding of so many asymptomatic affected individuals. Five of the families in the present series were thought to have the recessive form of the disease prior to examination of the parents. Bell and Carmichael13 found a high proportion of recessive cases in their review, but the heterogeneity of their material makes this difficult to interpret. The rate of first cousin marriage amongst the parents of the recessive patients was only 5-4%; this is relatively low for a rare disorder and would support the possibility that some of the cases were dominant. In Holmes and Shaywitz16 more carefully selected series the ratio of dominant: recessive families was 7:3.
This study has confirmed that the pure form of HSP is more commonly of autosomal dominant inheritance. The proportion of recessive families in the whole series was 14-3 % (excluding the family where precise details were lacking); this is considerably lower than that reported in the literature which has ranged from 30 to 45 %.13 15 16 There were several instances in this series where an apparently unaffected (unexamined) individual had transmitted the dominant form of HSP to his offspring. The number of such cases was even greater prior to examination of some asymptomatic patients. Bickerstaff2' reported the presence of the disease in the offspring of a clinically normal parent; the clinical features in the child were, however, somewhat atypical. There was another possible "skip" in Bickerstaff's large dominant pedigree but the individual concerned was unavailable for examination. Garland and Astley27 also described one instance of incomplete penetrance but it is not clear whether or not this person was examined. Bone et al49 reported the occurrence of HSP in one of monozygotic twins from a family in which several members had the dominant form of the disease. The affected twin had a paraplegia, but she also had severe pyramidal weakness of the right arm and could not walk without crutches two years after the onset of symptoms. The distribution of weakness and the course in this patient make a diagnosis of HSP highly unlikely.
No families with overtly X-linked recessive inheritance were identified in this series. The only one in which this was possible was a kindred in which only two brothers were affected; it was considered rather unlikely as the mother of the two boys had two normal sons by different fathers from that of the affected boys, and also a normal brother. Inheritance was thought to be probably autosomal recessive in this family although it was unfortunately impossible to examine the father: dominant inheritance cannot therefore be absolutely excluded. The X-linked form of HSP seems to be extremely rare. Some of the families reported as such clearly did not have the pure form of the disease. Baar and Garland50 described a family in which the affected boys were "born crippled"; they were mentally retarded with microcephaly, spastic tetraparesis, nystagmus, dysarthria and athetosis. From the clinical description they could have suffered from the Lesch-Nyhan syndrome. In Johnston and McKusick's family a number of the affected males had dysarthria, nystagmus and optic atrophy. 51 Thurmon et al52 and Zatz et al53 have reported kindreds in which the uncomplicated form of the disorder occurred only in males and the pedigrees were compatible with X-linked recessive inheritance. However, few of the carrier females were examined. Raggio et al54 described a further similar family, but on examination of the pedigree it is clear that the disease was transmitted to a male through a supposedly unaffected father. Haldane55 suggested partial sex-linkage in recessive HSP but this idea was firmly refuted by Morton.56 In relation to X-linkage, 
